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Supplementary Text
Synthesis of carlactonoic acid (CLA) Carlactonoic acid (CLA) was synthesized from 2-(2,6,6-trimethylcyclohexenyl)acetaldehyde (1) as follows with Knoevenagel condensation as the key reaction.
1 H-NMR spectra were recorded at 300 MHz with a JEOL JNM-AL300 spectrometer or at 400 MHz with JEOL JNM-ECZ400S spectrometer. The residual solvent peak in CDCl 3 (at  H = 7.26) was used as the internal standard. MS spectra were obtained on a JEOL JMS-700 mass spectrometer in the EI mode.
Di-tert-butyl (E)-2-[2-(2,6,6-trimethylcyclohex-1-enyl)vinyl]malonate (2) Di-tert-butyl malonate (1.62 ml, 7.21 mmol) was added to a solution of sodium hydride (60%; 288 mg, 7.2 mmol) in THF with stirring at room temperature under Ar, followed by the addition of aldehyde 1 (425 l, 2.41 mmol). After stirring for 20 hours under reflux, the mixture was quenched with sat. ammonium chloride solution and the aqueous phase was extracted with ethyl acetate. The combined organic layers were washed with water and brine, dried with MgSO 4 and concentrated in vacuo. The residue was separated by Si-cc to obtain compound 2 (545 mg, 1.50 mmol, 62% tert-Butyl (E)-2-hydroxymethylene-4-(2,6,6-trimethylcyclohex-1-enyl)but-3-enoate (3) To a cooled solution (-78˚C) of compound 2 (201 mg, 551 mol) in hexane (10 ml) under argon, DIBAL (1.0 ml of a 1 M solution in toluene, 1.0 mmol) was gradually added. After 30 min of stirring at the same temperature, the mixture was quenched with methanol, diluted with hexane, and filtered through celite. The filtrate was evaporated in vacuo and yellow oil (122 mg) was obtained, which was subjected to coupling with 5-bromo-3-methyl-2(5H)-furanone without further purification.
tert-Buthyl (E,2E)-2-((4-methyl-5-oxo-2,5-dihydrofuran-2-yloxy)methylene)-4-(2,6,6,-trimethylcyclohex-1-enyl)but-3-enoate (4) To a cooled solution (0˚C) of crude 3 (122 mg) in THF (6 ml), potassium tert-butoxide (56.2 mg, 0.501 mmol) was added, followed by the addition of 5-bromo-3-methyl-2(5H)-furanone (88.7 mg, 0.501 mmol) in THF (2 ml). After stirring for 3 hours at room temperature, the mixture was quenched with sat. ammonium chloride solution. 
To a cooled solution (0˚C) of compound 4 (34 mg, 89 mol) in CH 2 Cl 2 (3 ml), 2,6-lutidine (20 l, 0.17 mmol) and then TESOTf (58 l, 0.33 mmol) were added. After stirring for 10 min at room temperature, the mixture was quenched with sat. ammonium chloride solution. The aqueous phase was extracted with CH 2 Cl 2 . The combined organic layers were washed with brine, dried with MgSO 4 and concentrated in vacuo. The residue was separated by Si-cc to obtain compound 5 (3.8 mg, 11 mol, 13%) as a slightly yellow oil. . The cowpea seedlings were transferred to test tubes and grown hydroponically in Hoagland nutrient solution (initially containing 500 μM Pi before its concentration was progressively decreased) in a growth chamber at 23°C and a 16-h light/8-h dark cycle for 13 days, and then the culture conditions were changed as follows: condition (a), the culture medium was replaced with Hoagland nutrient solution containing 500 μM Pi (a1) or no Pi (a2) on day 14, and plants were harvested after growing for 24 h; condition (b), the culture medium was replaced with water (b1-1, b1-2) or 5 μM GR24 in water (b2-1, b2-2) on day 14, and plants were harvested after growing for 24 h; and condition (c), after 1 additional day of culturing in water, on day 15, the culture medium was replaced with Hoagland nutrient solution containing 500 μM Pi, and the plants were harvested after growing for 3 h (c1), or after 12 h, the culture medium was replaced by fresh medium, and plants were harvested after growing for another 12 h (c2). The samples of b1-1 and b1-2 and b2-1 and b2-2 were biological replicates. VuCYP722C-CDS R
GTCGACTTATGCCTCTAGCATGGTTT TGCTCAAGGACTTCAAAG
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Restriction enzyme (RE) recognition sites are underlined in the sequences. ATGGTGGTGCTGATGGATTTGGAATGGTGGTTTTCAGTTCCAAGTG  TGGTTTCTGCTTCATCAATGTTTACCTTGGCGGGTTTAATAGGAGGG  TTGTTGGTATATCTCTATGCACCTTATTGGGGTGTGAGGAAGGTTCC  GGCTCCACCTTCTTTGCCTCTTATAGGACACCTTCCCTTGCTCGCCA  AATATGGCCCTGATGTCTTCTCAGTCCTTGCCAAACAATATGGTCC  GATTTACAGATTCCATATGGGGAGACAGCCATTAATAATTATAGCA  AATGCAGAGTTGTGCAAAGAAGCTGGAATTAAGAAATTCAAAGAT  ATTTCAAACAGAAGTATTCCTTCACCAATATCTGCTTCCCCTCTTCA  CCAAAAGGGTCTCTTCTTCAGCAGGGACTCACAATGGTCTACCATG  CGAAACACTATTCTATCGATCTACCAACCATCACACTTATCTGGAT  TAGTGCCACTGATGCAGTCTTTCATAGAATCCGCCACTGAAAACCT  TGATTCTGAAAAAGAAGACATTGTTTTTTCCAACTTGTCCCTGAGA  CTTGCAACTGATGTGATTGGGCAAGCAGCATTTGGTGTGAACTTTG  GTCTTTCTAGACCCCATTCAGTTTGTGATTCCATCAAGAGTGTTGAA  ACTGACCCTGCAAGTCATGGTAATGACAATGAGGTATCGGATTTCA  TCAACCAGCACATATACTCCACTACACAACTCAAGATGGACTTGTC  TGGTTCTTTCTCCATTATATTGGGTCTGCTTTTGCCGATACTTCAAG  AGCCTTTTAGGCAGATTCTGAAGAGAATTCCAGGAACCATGGACTG  GAAGATTGAGCGTACGAACCAAAAACTAAGTGGTCGTCTTGATGA  GATTGTGGAAAAAAGAATGAAAGATAAGACACGAAGTTCAAAGGA  TTTCTTGTCACTCATACTTAATGCCAGAGAAACAAAAGCAGTTTCA  GAGAATGTATTCACACCAGACTACATCAACGCAGTTACTTACGAGC  ATCTGCTTGCTGGTTCAGCAACCACGTCTTTTACCTTGTCTTCTGTT  ATCTATTTGGTTGCTGGACATCCTCAAGTTGAGAAAAAGTTGCTTC  ACGAGATAGATGCCTTTGGTCCTGTCGATCAGATTCCGACATCTCA  AGATCTTCGTGACAACTTCCCTTATCTTGATCAGGTGATCAAAGAG  GCAATGAGATTTTACACTGTATCTCCATTAGTTGCAAGAGAAACAT  CAAATGAAGTGGAGATTGGAGGCTATCTTCTCCCAAAGGGGACTTG  GGTGTGGTTAGCACTTGGAGTTGTGGCAAAAGATCCCAAGGACTTT  CCGGAGCCAGAAAAGTTCAAACCAGAGAGGTTTGACCCCAACTGT  GATGAAATGAAACGAAGGCACCCTTATGCTTTTATACCATTTGGAA  TTGGTCCTCGGGCTTGCATTGGTAAACAATTTTCCCTACAAGAGAT  CAAGCTTTCTCTCATTCATTTATATCGGAAATACTTGTTTCGGCATT  CACCCAATATGGAAAACCCCTTGGAACTCCAGTATGGGATAGTCCT  CAACTTCAAGCATGGGGTCAAGCTCAGAGCCATTAAAAGAACATA  A  VuCYP722C-CDS   ATGTTGAATGTGTTGATGAGAGAAGAGGTACTATTGGTAGTGCAGAVuCYP728B-CDS   ATGAATCTTCTTTGGTTGGGTTTTCTCTTCTTCATCCCAATCCTTCTT  CTGTTCAGAAGAGAAAGAAACCCTTCTAAAAGGGTTCCTCCTGGTT  CACTTGGAATACCTATTATTGGCCAAAGTCTTGGCCTTCTTCGAGCT  ATGCGTGCCAACACTGCAGAAAAATGGGTTCAAGAAAGGATCAAC  AAGTATGGTCCCATTTCAAAGCTAAGCCTATTCGGAAAACCAACAG  TGTTAATCTATGGACAAGCTGCAAATAAGTTTGTATTCTCTAGTGG  CGGCAACGCAATTGCTAACCAGCAAACACAATCGATAAAAGCGAT  CCTAGGTGACCGAAACTTGCTGGAACTGAGTGGTGAAGATCACAG  CCGAGTCAGAGGTGCACTTGTCTCATTTTTGAAGCCAGAGTCTTTG  AAGATGTATGTGGGAAAAATGGATGAAGAATTCAGGAATCACCTT  CAGATGCATTGGGAGGGGAAACAGCAAGTCAAGGTATTGCCCCTG  ATGAAGAATCTCACGTTCAATATAATCTGCTCTCTTTTGTTTGGTCT  TGAGCGTGGAAAACAGAGAGATCAGTACCTGGATTCCTTCCAAAC  GATGATAGAAGGAATGTGGTCAGTCCCAATTAACGTGCCCTTCACA  CGTTACAATCGTAGCCTTAGAGAAAGTGCAAGAATTCAGACCATGC  TGAAGGAGACTGTGCAGAAGAAGAGGATTGAACTCGAGCAAAATG  CAGCATCTGCACGCCAAGACTTGATTAGTTGCTTGTTAGGCATGGT  TGATGAAGATGGCAAACACGTTATGACAGAGAACGAAATCCTCGA  CAACATTAAGCTTGTCATGGTTGCTGGACACGACACTTCATCTGTT  CTAATAACTTTCATCATCAGACTTTTAGCCAACGAACCTGCTATTTA  TGCAGCAGTTCTTCAAGAACAGGAAGAGATAGCAAAAGGCAAGTC  CTCTGGAGAGGCATTGACATGGGAAGATCTTTCAAAGATGAAGTA  CACATGGAGAGTAGCAATGGAAACTCTTAGAATGTTTCCTCCAATT  TTTGGTGGCTTCGGAAAAGCTGCAACAGATATTGAATACGATGGAT  ATTTCATACCCAAAGGATGGCAGATTTTCTGGGTGACAGCAATGAC  CCACATGGATAACAGCATTTTCTCAGAGGCATTGAAGTTTGAACCT  GGTAGATTTGAAAACCAAGCATCTTTACCGCCCTACTGCTTCGTTC  CATTTGGTGGGGGAGCAAGAATATGTCCAGGGTATGAGTTTTCGAG  GCTTGAAACTCTAGTTGCAATTCATTACCTGGTGACCCGGTTCAGTT  GGAAGCTATGTTCAGACAATTTCTTCAGTAGGGATCCAATGCCTGT  ACCATCTCAAGGGCTACTCATTCAAATTTGGCCAAGGAGACTTTCT  TAA  SlCYP722C-CDS   ATGCTTACTATGTCAATGGAAGACATACTTCTCCTACTAAGCAAAT  ACTATGATATTCTTCTAGTTTCAATACTTGTCATAAGTATTACTGCA  CTTTACTTGTCAAAGGGAGCTAAAAATGCAAAAAGTTGCATACCTG  GGAGTTTGGGAATACCTTTCGTGGGTGAAACCTTCGCACTTCTATC  AGCAACCAACAGTGTCAAAGGTTGTTATGAATTTGTTAGACTTCGA  CGCGAGCGGCATGGGAAATGGTTCAAAACCAGAATTTTCGGGAAA  ATACATGTGTTTGTTCCAAGTGTTGAGGGTGCGAAAGCAATTTTTA  CTAATGATTTTGCTCTATTCAACAAGGGCTACGTCAAATCGATGGC  AGATGCTGTGGGAAAGAAAAGTTTGTTATGTGTTCCTCAAGAGAGT  CACAAAAGGATTAGGCGCCTACTATCTGATCCTTTCTCTATGAATT  CACTGTCAAAATTTGTACAGAGATTTGATGAAATGCTATATGAAAG  ATTGAAGAAAGTACAAAAGCAAAGAAAGAGTTTCACTGTGCTTGA  CTTCAACATGAAGACAACATTTGATGCGATGTGCGATATGCTGATG  AGCATCAAAGATTCTTCTGTGGTAGAACAAATTGAAAAAGACTGC   ACTGCAATTTCTGATGCCATGCTGTCCTTTCCAGTCATGATTCCGGG  CACCAGATATTTTAAAGGCATCAAGGCACGTGGGAGGCTAATGGA  GACCTTTAAGGGAATGATAGCAGCTCGGCGCAATGGGAAGGAATA  TTATGAAGACTTCCTGCAGTCCATGTTGGAGAAGGATTCATGTCCA  GCCAATCAAAAGCTTGATGATGAAGAGATCATGGATAATTTGTTAA  CGCTGATAATTGCAGGGCAGACAACAACTGCTGCTGCAATGATGTG  GAGTGTCAAGTTTTTGGATGAGCACAGAGAAGCCCAGAACAGGCT  CAGAGAAGAACAACTCTCAATACTCAGAAGCAAGCCTACTGGAGC  CTTACTAACCATGGATGATCTCAACAGCATGTCCTATGCGTCAAAG  GTTGTGAAAGAGACGTTGAGGATGTCGAATGTCTTGCTATGGTTCC  CTCGAGTTGCACTTAATGACTGTAGTATTGAAGGTTTTGAAATAAA  GAAAGGATGGCATGCGAACATAGATGCAACGTGCATACACTACGA  TCCAACATTATACAAAGACCCTATGCAGTTCAATCCTTCAAGATTC  GACGAAATTCAAAAACCATATAGCTACATTCCTTTTGGATCAGGAC  CCCGAACTTGCTTGGGAATTAACATGGCAAAAGTCACCATGTTGGT  GTTTTTGCACAGATTAACAACTGGATACAAATGGACAGTTGACGAT CCAGATCGCAGCTTGGAAAGAAAAGCCCATATTCCCAGATTAAGA AGTGGGTGTCCAATAACTTTGACAGCCTTGCCGGATGAATAG 
